The observable line shape of the spontaneous emission depends on the procedure of atom's excitation. The spectrum of radiation emitted by a two-level atom excited from the ground state by a pi pulse of the resonant pump field is calculated for the case when the Rabi frequency is much larger than the relaxation rate. It is shown that the central part of the spectral distribution has a standard Lorentzian form, whereas for detunings from the resonance that are larger than the Rabi frequency the spectral density falls off faster. The shape of the wings of the spectral line is sensitive to the form of the pi pulse. The implications for the quantum Zeno effect theory and for the estimates of the duration of quantum jumps are discussed. 
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It yields the Lorentzian line shape,
where ω 0 = (E 2 − E 1 )/h is the transition frequency (h is the Planck's constant). The natural linewidth is γ = Γ/2, where the transition rate Γ is given by the equality
that was originally derived by Dirac [2] and now is universally known as the Fermi golden rule. In Eq. (3) n and k denote the initial and final states of the system "atom + field", V nk are the matrix elements of the interaction of atom with the quantized field, and ρ(E k ) is the energy density of the final states. The summation over the quantum numbers others than energy is carried out.
The expression (3) includes the values of the matrix elements and of the density of states on the energy surface E = E n = E k .
Since the relative variations of V nk and ρ(E k )
within the main peak of the spectral line (2) in the optical range have values about γ/ω 0 ∼ 
The Lorentzian form of the energy distribution leads to the exactly exponential decay (2) will lead to the nonexponentiality of the decay -and vice versa. The additional incentive to study the detailed form of the initial stage of the decay law came from the concept of the quantum Zeno effect [4, 5] . If for small times the decay law is quadratic,
known as the Zeno time), then frequent measurements of the energy of the system will prevent the decay of the initial excited state.
This property permitted Schulman [6] to introduce the estimate for the duration of the quantum jump between the atomic states as the crossover time from the quadratic decay to the exponential (Fermi) decay:
The logic behind this definition is lucid: if the measurement can influence the kinetics of the quantum jump, then it has not been completed yet. 
We note that the influence of the truncation of the Lorentzian shape (2) in the domain ω < 0 on the decay law has been studied in Ref. [9] . This truncation diminishes the initial decay rate by half, but doesn't lead to the quadratic decay.
The physically unsatisfactory divergences of ω and ∆ω 2 are rooted in the unphysical initial conditions. It is a commonplace of the theory of quasistationary states that their properties depend on the procedure of their preparation [10] . Therefore this procedure must be taken into account explicitly. The importance of this approach in the problem of the natural line shape was noted long time ago [11] .
Let's assume that the atom initially was in the ground state |1 and then was excited by a pulse of the resonant pump field (of the frequency ω 0 ) that has the properties of the pi pulse [12] , that conveys the two-level system (in the absence of relaxation) from one state into the other. We take the Hamiltonian of the system in the form
whereĤ a andĤ f are the Hamiltonians of the two-level atom and of the quantized field respectively, andV q andV c take account of the atom's interaction with the quantized radiation field and with the classical pump field correspondingly. In the dipole approximation we havê
where the index λ numerates the modes of the quantized field. Here 
where E (t) is the envelope of the electric field of the pulse.
The state vector of the system can be expanded as
where |j, V denote states of the system with the atom in the state |j and the field in the vacuum state; in the state |1, λ the atom is in the ground state |1 , one photon is present in the mode λ, and there are no photons in other modes; ω j = E j /h.
The evolution of the system is governed by the system of equations
Here Ω (t) is the (time-dependent) Rabi frequency, Ω (t) = ep 12 E (t)/mω 0h , wherep 12 is the matrix element of the momentum between the states |1 and |2 ,
and ∆ λ = ω 0 − ω λ is the frequency detuning between the atomic transition and the emitted photon.
Let's consider the pi pulse with the rectangular envelope,
Ω (t) = 0 otherwise, and assume that the Rabi frequency is much larger than the relaxation rate, Ω ≫ γ. Then throughout the duration of the pulse we can neglect the spontaneous radiation, and take into account only the pump field. Thus from Eqs. (10) and (11) with the initial conditions A (−π/Ω) = 1, B (−π/Ω) = 0 in the rotating wave approximation we obtain
To describe the second stage, that of the free emission, we can use the exponential decay of Eq. (1):
By substitution of Eqs. (15) and (16) in Eq.
(12) and integration we obtain for the limiting values of amplitudes C λ :
where the spectral amplitude is given by the expression
The spectral distribution of photons is
where N is the normalization constant; in our case N ≈ γ/π. The explicit expression for S (ω) is too cumbersome; it is more convenient to work with the formula (18).
Firstly, it must be noted that the first term in the RHS of (18) The dominating contribution comes from the term
that defines the asymptotics of the spectral density
It decreases rapidly enough to provide a finite average value of the frequency of the emitted photons ω (that in our approximation is indistinguishable from the transition frequency ω 0 ) and the finite value of the frequency dispersion ∆ω 2 ≈ 0.39ΩΓ.
It must be noted that the behavior of the wings of the spectral line depends on the form of the envelope of the pi pulse. We have calculated the spectral density S(ω) also for the pi pulse with the sine envelope:
The results are compared in Fig. 1 with the Lorentzian line shape and the spectral distribution for the rectangular envelope. It can be seen that for both types of pulses the crossovers between Lorentzian and asymptotic forms occur at ∆ ∼ Ω. Thus our model assures that the duration of the quantum jump accompanying the spontaneous emission from a given transition will always be larger than the field period,
0 . This inequality is almost universally accepted by the community of physicists on the grounds of common sense and is reflected in the literature [14] .
Our analysis is limited by the domain Ω ≫ γ. It is interesting to compare it with the opposite limiting case. For Ω ≪ γ the rectangular "pi pulse" defined by Eq. (14) lasts much longer than the relaxation time γ −1 . Therefore during the most part of the pulse the initial state of the system is already ignorable, and the difference between the sequence of long "pi pulses" and the continuous pump field is unimportant. The spectrum of radiation of the two-level system under the influence of the continuous monochromatic field has been calculated by Mollow [13] . For Ω ≪ γ and the pump frequency that equals that of the transition, ω 0 , the power spectrum in our notation has the form 
